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DYNAMIC MEASUREMENT OF NIGHTTIME HEAT LOSS COEFFICIENTS
THROUGH TROMBE HALL GLAZINGSYSTEMS*

by
J. Oouglas Balcomb

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

A Tranbe wall presents a unique opportunity
to measure the heat-loss coefficient through
the glazlng system because the wall itself
car! be used as a heat meter. Since the
instantaneous heat flux through the cuter
wall surface can be determined, the heat
loss coefficient at night can be calculat~
by dividing by the wall surface-to-ambient
temperature difference. This technique has
been used to determine heat-loss coeffi-
cients for Los Alamos test rouns during the
winter of 1980-81. Glazing systems studfed
Include single and double glazing bosh with
and without night insulation used in con-
junction with a flat black paint, and both
slnglc and double glazing used in conjunc-
tion with a selective surface.

1. INTRODUCTION—-— ....

The U-value for heat 10SS frmn the surface
of a dohblc-glazd T:”cmbc wall to amblcnt
has been reported by Palmitcr, ct al, The
method relics on the usc of a heat flux
meter attachd to the Tranbe-wall surface.
The measured U-value reported for a wall
with a selcctivc surface foil dttachd to
the o~ltsidc surface Is 0.J2 Dtu/F-hr-sq ft.
The mc~sured U-values arc rcasonahly stctdy,
lndlcatlng that the uall can bc accurately
moriuled usi g a constant heat loss

fcocfflcicni ,

A method of dctcnnining heat flua,~s from
tonpcrat”pc mcdsurcmrmts made in massive
walls was dcvclopd by Ualcomb and Hcdstrom~.
This method riocwinot rely on heat flux meter
Itlltil.Th~ process consists of :olving the
heat. di;fuslon cquatlon in onc dimension
using finite diffcrcncc tochniqucs given
two mcasurmi tonpcrdturcs as input. The
methml is fdst and accurate and also allows
for an ill-situ mc~surmnent of wall thcrnsl
dltfusiv{ty ~f a third tmnpor,lt.urr Is
mctlsurod. onLf! tho OUt.r~-W(lll hral. flllx if

known the heat-loss coefficient at night
can be calculated by simply dividing by the
wall surface-to-ambien+. temperature
difference. The technique has been applied
to data ttken from Los Alamos test rooms
during the unusually mild winter of 1980-61
during which several different configur-
ations were under test. The resulting
U-values have good internal consistency,
are in good agreement with both handbook
values and Palmiter et al. results, and
clearly show pronounced differences between
the various options.

2. TEST ROOMS

FOIo this stu~y data were used from test
roans 1 ~nd 2 at the Los Alamos National
Laboratory passive solar test room fa-
cility. These test roms are an adjacent
pair having a buildlng heat loss coeffi-
cient (excluding the south wall) of 26,3
Btu/F-day, Electric backup heating was
used in the test rooms to mafntaln a mfnf-
mum temperature of 65 F. The tempcrqturc
control systcm was nmdified midway during
the year to provide more accurate control
although this has no particular effect on
the results prcsc.ltcd in this paper. Robort
AcFarland at Los Alamos Is fn the process
of preparing a comprehensive report on thr
results of the passive test rooms for the
1980.81 winter and it is anticipated thdt
this rrport will bc forthcoming in tho nrar
future.

The test, rooms have b~~n i-mdiflcri sintc tho
1979-19iXl confiqur,ltion t,,provi[ic for a
snmllcr solar collc[ ti(ln dp[?rtur[~. This
results in a larger valuo of buil(iin!lLoad
Collrctor Ratio in order to achirvr o rrxlru
rrproscntatim comparison wtth actu,ll builti-
ings, Tho qlazinq is a standard 4b” x 76”
3/16 in. tumprrr(i !Ilazlnq unit. Thr lromhr
walls arr constru{ tl.d h,y %t,lrkin!)5,b.1” x



7.5” x 15.5” solid concrete blocks to form
a 15.5” concrete wall. The Trcmrbe walls
are unvented and all cracks between blocks
have been well caulked to prevent air leak-
age. The test rooms are intentionally of
very lim mass construction with a fiberglass-
filled 4“ frame stud wall lind on the
inside with 1“ of polystyrene foam. A
forced infiltration rate is maintaind at
three air changes per hour.

During the entire winter the Trmnbe walls
themselves were not modified. The outside
surface of the wall of test room 1 was
painted flat black and test room 2 had a
selective surface mtal foil glued to the
outside surface. The selective surface
used was manufactured by Berry Solar
Products and consists of black chrcsne
electroplated on copper foil.

3. ANALYSIS TECHNIQUE

Energy f?ow through the wall is assumed to
be one-dimensional and in accordance with
the heat diffusion equation. The solution
method is tunwrical , using finite differ-
ence techniques. Inputs to the calculation
are values of the wall inside and outside
surface tmnperaturcs vcasured at hourly
intirvals. Temperatures are then calc(llat-
ed hourly for a series of points between
the tm rncasurmmcnts. An initial tempera-
ture distribution is asswncd but the effect
of this assumptlcm dies out after 20 or 3Ll
time steps. The heat fluxes can then be
!nfc?r~,l from the temperature gradients at
the surfaces. Six nodes were US-A so that
the spatial differcncing is 2.58 inchi?s.
The technique is dcscribml in detail in
Ref. 1.

The thermal (Iiffuslvfty of the wall material
was adjusted in crdcr to obtain a good match
between the measured and calculatcrl mnpcr-
aturc at th(’wall ccntcr. The value hich

Ygives the hcst agrccmnt is 0.U423 ft./hr.
The VJIUC of thermal conductivity uscrl is
1.0 Dtu/hr-ft-F and the volu ctric heat

Ycapacity WV! is 23.6 litu/ft F,
Mc~surcd density i~ 14S lb/ft3.

Figuro 1 shows the measured tmnpcraturcs at
the outtidc wall surface, inside wa!l sur-
face, wall ccntcr, and outslnd ambient on a
sunny day. AlsrJ shown on the figure is the
c~lculato(l tmnpcraturc at th(’wall contcr
In cxccllcnt agrccmcnt with thp racasurcd
valur. hr fact that the shap{~ of this
c~lculnto(l curve is identical to thr nx*.ls-
ur{!d cutwc Indicates cxccllrnt int[!rnal

(.onsi%toncy uf thu t(!Lhni(lW.

Ihr hcfit fluxes at the innrr and out(tr wall
surfa(:o~ calculatc(i hy this t(’chniquo arc
dlrlwn in }iq, 2. Note th,ll thr nuts i(lo
hrnt ilux i:.pr,lkr(lin tho daytime, as
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Fig. 1. Temperatures measured within
the Trombe wall [solid lines). Dashed
line is the calculated temperature at
the wall center.
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Fig. 2. Calculated heat fluxes at the
t~o wall surfaces for the same IIiIyas
Fig. 1. (Positive values inrlicatc heat
flow toward the roam.)
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exp~tcd , hut t;;;,flux into the ‘oom sur-
fzce is relatively constant throughout the
24-nour period dipping only sli htly during
the midday. !One sees that the ranbe wall
is an ideal mderator of the h!ghly-peaked
solar radiation profile transfomfng it
into a smooth, comfortable, and uniform
building heater.

The apparent U-value of the Trombe wall
glazing, measured frm the wall surface to
outside ambient, can be detenninsd by di-
viding the outside wall heat flux by the
wall surface-to-ambient temperature differ-
ence. The result of this calculation is
shown plotted in Fig. 3 for the same day.
During this time test room 1 was being
operated M“th double glazing and without
the use or’ any night insulation Note that
the value is relatively steady at night
varying between 0.43 and 0.48. During the
daytime vhcn there is a strong solar flux
present this calculiited U-value is mean-
ingless ald beccnnes negative. Only the
values between 8 p.m. and 6 a.m. have been
used in the U-value calculations presented
in this papc~ . These eleven hourly values
arc averaged in order to provide a nightly
average apparent U-value for the glazing
system and then many nightly values arc
averaged to obtain the final results
reported.

The hourly U- VJIUC calculat~lrl by this tech-

nique SCCP’; to vdry scmcwhdt due to condi-
tions. Figure 4 shows calr,ulatc.d U-values
for thr pcrirxl Dcccmbcr 15 through ,I?nuary
j for both test rooms 1 and 2. Durinq this
cntlrc time prrinti both rooms were operated
douhlc fJldZPf] with no night insulation.
Thvrc is J clrar and nmrkcd rliffcrcnco !se-
tw~cn the cdl(.uldtcll U-balur for the test
room ? whi~h h~r, flat bla~k pdint and for
tvst romn 1 which has a $olcctlvc surface.
:t “1 dn unrnistak,]hlr Lon[.lus ion thnt the
app~r(’nt 1]-vdlul’ of thu Wdll with thr so-
lc[. tivc surface i< markedly lCS; thfln tho
U-vJlur for the flJt hldck wall. rh~, ratio
i~ O.b$,

Fig. 4. Calculated l-l-valuesfor 20
consecutive nights. The upper group
are for Test Room 1 (flat black
surface) and tht lower grouF ~rP fnr
Test Room 2 (selective surface). Roth
walls are double glazed al’d unvented.

4. RESULTS——

A total of 52 nights uf data were analyzed
for cell 1 and ‘or ceil 2 representing six
different glazing configurations. Nightly
averages were includcri onl] for nights whrn
the data v@rc consistent and stc~dy. ‘his
resulted in dropping nut a fcw nights of
(tdtd. The resulting vtfcctivc H-values arc
shown in Tahlr 1. Tho vdlurs qivcn arc al

average over the numhrr of nights shown in
thr table.

5. ;NTLRPRETAT 10N

The data shown aru all hascd on nm,~surrmcnts
made in thr cent.or of thr wall and thus the
assumption of onr-dinrn$ion,ll flow should
hc quitr r.~dtonahlc. Thr U-va]uc$ cdl~u-
Iatcd should ho rrprrsrntntivc of tho crntrr
r~qlon of thr wall hut onc ml!lht expect to
scc sorer smal I variat inn toward t.hc wiqrs.
The mrasuwmcnts drc qulto consistent a$
Inrfil,ltrdby thil standard rlrviatinn shown.
lh~ standar!l drviatlon cal(ulilt.d for Pa{ll
qruup of II ptllnt< for a slnqlo niqh’ is
qonor,llly dhnut om-hnl f lhcso valuv< int!l-
catlnq that the niqht-tn-niqht varlJti~~n is
signili(.drlt, proh,lhly dur to di ffIrent WI ml
speed \. A~, o-l)r(!{d , thr vdrid~ion is
lilrllcrfor thr [,’ti’fwit) \lnqlIT IIIJI in,],



TABLE 1

MEASURED NIGHTIIK U-VALUES

No of Average Average Night-
Time nights Average M WI nd time Amb~ent

Period used Cel 1 Glazings Other* U-value d- Spded, ~h Temperature, F

12/15 - 1/4 20 1 2 0.430 .031 2.9 33.6
;;: . 2,12 23 1 NI 0.124 .026 2.4 27.2

- 3/4 23 1 ; N! 0.130 .020 32.0
3/6 - 4/1 26 0.663 .007 ::;
li’:11- 1/30 42

32.5
; ; Si 0.281 .023 2.6 30.4

tj b - 4/2 50 2 1 Ss 0.359 .037 4.1 32.3

●NI refers to night fnsulatlon, SS to selectlve surface.

●*Standard rjeviatlon of the hourly ~asurenv?nts. The numberof points used in calculating
the averdges and standard deviations is 11 tlws the nrznber of nights used.

thermal conductivity are less -11 known.
The value of k = 1 which was used is rep-
resentative of the high end of values for
thermal conrluctivit) for concrete given in
handbooks.

The IJ-vdluos rictcnsincd for both slnglc
glazing A doublcglazinq are In good
agreement with values gl en in the ASHRAE

)!Handbook of Fundanmntals after correct-
ing for thr! fact that the conditions arc
not identically the sdnm. ror example, the
U-value for singlcglazlng is given ds 0.73
in still air and 1.1 at 15 mph on the out-
sidr surface. Hmvcr, the heat transfer
from the Trcunbe uell surfdcr to the glazing
is different thdn frmn ordlndry roam air to
d wlnrinw surfdcc. Corrcctfng for a well
dir film coefficient of 1.4h dnd aswnlng
that half of the energy flow is by radidtion
ml hdlf by convcctlon, ‘hcmodificrl sin lC

!glazing cwfficicnts bccom U.6U for sti 1
air ml O,llb for 15 mph. The mcasurcrl value
of U.btI given in Tdhl@ 1 Is madr for M
average wind spccrl of 4.tf mph. lhis crzn-
parcs favorably with the lntcrpolatd vdlur
of 0.6H baswi on thr handbonk rwdnbrrs.
Lfkmtlsc, thr nmasurcrl value fordouhlc
qlazinq of U.4J is in good agrwmmt with
tho drf.justcrf hdnrfhorrk valurI n? 0.43$, lhls
good figrcmnrmt gives crmi!hility to thr
nthor n.mrhcrs in Tal)lr 1,

5,1 Effccl of nlqht insul~tlnn

As cxkmctrd, the cffrct of nfght lnsulatfrm
is to reducr thr nlghttimr i!-vdlur! of the
qlazlnq %y$trmmarlmlly. The night fn$ula-
tion systmn mf)ltiyrNI wns not Intcnrtml L)
roprosmt a practic~l solution for d pils5-

Ivr hulldlng hut rathrr a simplr configurd-
tfonwhithr-anhr WOI1 chardctcrfzcfi. [t
consisted of a ?-Inch polystyrrnr short
with m shwf of plywood qlurt’1 to onr sur-
f~~,~, anti 1:1,! !0 fit th(~ window nponlnq slzcm
It, was hold tightly aqfiln$t thr out%ldo

glazir,g su?face at night. The dramatic
effect of the night insulation can be seen
in Fig. 5uhich shows the calculated
U-values for eight consecutive nights. The
application of the night insulation was
initidtcd dt the end of the day on January
5 and one can easily observe the factur-
of-3.5 reductfon in calculated U-value
which occurs at this time.

CHICUIHTrD 11. VHLUES
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tig. 5. Cdlculatd U-vnlurs for right
consrcutlvo nights In January.
A~-llcal ion of ulqht fnsulirtion was
in’ftiatrrl on January 5,

Thr rffcctlvr rr%ls~nnrc of thr nlqhi in.
sulatlnn ~dn he inf~r~~d fr~ thr ;ilffpr-

rncc in thr rrclprocals of thr! 11-valurs
nmasurrd with and without nl ht Inwl,lfion.
This calculates to hr If - 5.? for hot.h ,hr
single iflazinq an(f douhlr qlazlnq ~nnfiqur-
dtion. lhr l.on$lstiwwy hntwo(,n th~ two i%
cncouraqfny,

Thr manufwturors’ %tdtWi ~-VfllU:~ of t.ho
insullltlnn i% 5 por In(h rf,sultin.1 lH all



expected overall R-value of 10. However,
one would expect that the ●ffect of heat
losses through the wood sections surrounding
the wlndw, which are unaffectd by the
night Inwlation, might rduce this sub-
stantially. Thus the implied night insula-
tion R-value of 5.7, although lwer than
might have been anticipate, is not partic-
ularly surprising.

5.2 Effect of the selective surface

As shown in both Fig. 4 and Table 1 the
selective surface hes the effect of reduc-
ing the nighttime loss coefficient through
the glazing systa’nby a significant amount.
The ratio of U-values with and without se-
lective surface is 0.54 for single glazing
and 0.65 for double glazing. It is
esp~ially interesting to note that the
measured U-value far a selective surface
and single glazing is less tharr for a
flat-black surface and double glazing.
Clearly the selective surface is very
effcctivc in reducing nighttime lossez.

The other part of the evaluation of the
selcctivc surface concerns its performance
during the daytime. Sane results concerning
overall perfornranc~ havcbecn presented
previously by Hyde showinq a significant
pcrf~rlnancc incrc~$c with a selective sur.
f4Lc. FuTthcr cvalu~Licns have hecn done
by both the author and by McFarland at Los
Alamos based on the 1900-81 test room cx-
pcricnce. Preliminary indications frcan
this an~lysis indicate that the sclcctivc
surface wall, although shwing a significant
incrcasc in performance consistcrrt with the
results reported by Hyde, may not bc living
up to the full potential indicated by the
dramatic reduction in loss coefficient. It
Is not yet known uhethcr this is duc to A
wall absorptance which is lCSS than pru-
dlctr:l or a small contat.t resistantic bctuocn
the mctdl f~il and th~ wall surface. [ithcr
cffrct or a combination could explain thr
ohscrvrd results.

Attrr the conclusion of the trsting season
thr qltrinq was rcmovr!d anti several samplr~
of <rlcctivo surface foil ncrc pcclcri fran
tho wall. Thr wall had born pwparcd and
the foil appllc(i ‘Isin!l a procmlurr roconr-
mcndml hy the mfinufacturur u.sinq a ruhhrr-
h<ld cmnrrrt. lhv adhcrcnco uf tho metal
foil to tiv wall srwml to hc rrasondtrly
q ooli .

f)nv prohlmn nofrd. hwrvrr. is thtt thv
Loncrf!tr h!rx:k~ which wcrv usrwl tn construct
thv wall had a ;iqnificant amuunt of %mall
wlrfal.r vuld% whi{. h rosultod In air pmkrt%
huing formod hrhind thr srlrltlvc foil.
lhnsr p:l, kct% havr typical dimrnsion of
3!10UI i/4 Ini.11 and mnkr up shout I!I pcrconl
of tl’o wrfaco arra. Ihi% miqht cxplairr an
app,lrvrrf cunt.in t rissl~tm,rc

If the effects seen are indeed due to a
contact resistance between the wall surface
and the foil, then such a reslstince can be
included in the model. When this uss donr
gad a reemt with the observed daytime

!condlt ons was obtainti with a contact co-
efficient of R - 0.28.

The best one can say at the present tins?is
that although the eftect Gf the selective
surfa~e is to significantly Increase the
performance of the -11 it may not be living
up to its full perfomerce potential. The
full potential wuld be achieved if the!
U-values indicated in Table 1 pertain
throughout the 24-hour period, the solar
absorptance is equal to the optlcitlly-
n@asured value of 0.93, and the contact
resistance is negligible.

A contact resistance of R = 0.28 has a very
minor effect on the nighttim loss coeffi-
cient values given in Table 1. If the con-
tact resistance were reduced to zero, then
the U-value Wuld be increased to 0.30 for
double glazing and to 0.40 for single
glazing.

The Los A!anros results are in good agree-
ment with the value of 0.32 nwasured by
palmiter, et al. (with double glazing)
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